Background: Acute traumatic occupational hand injuries are the second most common cause of all traumatic hand injuries worldwide and the most commonly injured body part during occupational accidents. Traumatic hand injuries account for approximately one-third of all traumatic injuries seen at state hospitals in South Africa. The aetiology of occupational hand injures in South Africa is unknown.
Introduction
Acute traumatic occupational hand injuries are especially common in South Africa. They account for significant time off work, loss of income, change in or loss of occupation and residual functional impairment. 1 In a developing country, like South Africa, with high unemployment rates, a loss of income can be particularly devastating. 2 South Africa has an unemployment rate of 25%, 3 therefore competition for employment is high, especially in the country's agriculture, mining and manufacturing sectors. 2 As a result, residents are often employed in the informal labour market, in jobs for which they are given no specific training. This puts them at high risk of traumatic occupational injuries. 4 In South Africa, it has been shown that there are shortfalls in the implementation of the Compensation for Occupational Injuries and Diseases Act (COIDA) in the informal labour market. 5 This results in employees being unable to access the correct channels of health care and compensation following their injuries. State hospitals are therefore overburdened with these types of patients.
Campbell et al. introduced the Hand Injury Severity Score (HISS) as a research tool. Their aim was to design a score that would grade hand injuries according to their severity as a guide to likely outcomes. 6 The HISS evaluates anatomical components of the wrist and hand in four domains known as the ISMN: Integument (skin and nail), Skeletal (bone and ligament), Motor (tendon) and Neural (nerve and vascular). The total scores are converted to four categories: minor (<20), moderate (21-50), severe (51-100) and major (>100). There is a statistically significant correlation between the HISS and the resultant time off work, ability to return to the original occupation and post-rehabilitation hand strength. [7] [8] [9] [10] Occupational hand injuries are one of the leading causes of days off work, and result in a significant loss of productivity in South Africa's economy. Despite the obvious burden of disease that these injuries present to South Africa as a society, there is a great deal to learn about the potential risk factors, causes and preventative measures that can be taken in the future.
The aim of this study was to highlight the patient demographics and types of hand injuries sustained on duty and to identify the most common causes and risk factors for these injuries.
Methods
Following ethical approval (M150423), the study was carried out between January 2016 and July 2016. An observational, crosssectional study was done on 35 patients over the age of 18 years, hospitalised at a tertiary care hospital in Johannesburg, South Africa. Patients with occupational hand injuries who presented with secondary sepsis were excluded because they skewed the results of the injury severity score. A specially designed questionnaire was used which included basic demographics, economic data such as average annual income, type of employment and whether they were considered the 'primary breadwinner' in the household (Table I) . Occupation-specific data included any specific skills learned, work experience, level of training, the use of personal protective equipment, and if they were performing an unusual task at the time of injury (Table II) . Injury data included the source of the injury and if a previous injury had occurred ( Table III) . The injury characteristics were documented and the Hand Injury Severity Score (HISS) was calculated by the main author (AS).
Results
The results showed that the patients were predominantly male (88.5%) between the ages of 20 and 61 years (average 35), with 54% having dropped out of school before Grade 11. The average monthly income was between R1 000 and R9 000 and 85% were the primary breadwinner in the household. Almost all of the patients (94.3%) had a dependant relying on them for financial support; the median number of dependants was two (range 0-10). Only 51% of the patients had formal employment. The remaining 49% were either self-employed, contract workers or had intermittent piece jobs. The majority of injuries occurred in machine operators, general manual labourers and construction workers. Eighty per cent of the patients had never received any occupation-specific training. Only 60% were provided with some form of protective equipment, and only 28.6% were given protective gloves.
The majority of patients were not performing an unusual task at the time of injury (94.3%), nor were they using an unfamiliar machine.
The most common source of injury was a power tool (40%), followed by a powered machine (28.5%) and building material (17.1%). Other sources included hand tools, vehicles, knives and electrical burns.
Lacerations, crush injuries of the nail bed and fractures were the most common type of injuries seen, followed by tendon and nerve injury. Twenty-five patients sustained a combination of multiple types of injuries. Fractures and lacerations were often associated resulting in a total of 22 open fractures (78.5%).
The index, middle and ring finger were the most common digits injured. There was a total of two amputated thumbs, two amputated index fingers and one amputated middle finger (two separate patients). There was one mangled extremity resulting in an amputation through the wrist (Figure 1) .
According to the HISS, 28.5% sustained minor injuries, 34.2% moderate, 20.2% severe and 17.1% major.
Patients who injured their left hand on average sustained a moderate injury (average score = 45), whereas those patients who injured their right hand sustained a severe injury (average score = 57).
The median job tenure was four years, with a range of between one month and 31 years.
Job tenure did not seem to affect the risk of sustaining a workrelated hand injury; however, it did affect the severity of the injury incurred. Those patients who were injured in their first year of work sustained a mean injury severity score of 75 (severe), whereas those patients who were injured after they had been at their current job for at least one year sustained a mean injury severity score of 32 (moderate).
Discussion
This research found that occupational hand injuries correlate well with individual patient characteristics such as young age, male gender, poor education and lack of training, which is consistent with findings in similar studies from around the world. 11 The predominant male population in this study conformed to most other studies on this subject and fits in with the typical young, working class individual. In South Africa, young men are often required to drop out of school early to find employment, which typically involves manual labour-type jobs. Most of the patients in this study were poorly educated -90% had failed to progress past a high school education. Work-related hand injuries are particularly common in younger individuals; Olsen et al. demonstrated that young workers of 24 years or younger had the highest risk of occupational hand and finger trauma. 12 The majority of the patients in this study would be considered to be in the low-to-middle income bracket and most of them were the sole income earners in the household. These patients were often responsible for the financial security of multiple other dependants at home. Therefore, any loss of income due to injury would cause significant financial stress and could be potentially devastating if the patient were left permanently disabled.
There have been various studies done outside of South Africa looking at the most common causes of occupational injuries. Throughout the literature the three most common causes are power tools, powered machines and building material, affecting most frequently, therefore, construction workers, mechanics, carpenters and food handlers. [13] [14] [15] [16] [17] [18] The results of our study are in keeping with similar studies from around the world. In our population, the most common cause was due to power tools (40%), most commonly the angle grinder. Angle grinders are versatile tools which make them extremely popular. What commonly occurs is that the safety guard is removed from the grinder or a non-standard cutting or grinding disk is used in order to increase the versatility of the grinder. When these tools are altered or adjusted, the risk of their failing increases, which can lead to frequent and severe injuries. Powered machines, especially the machine press and cutting machines such as the band saw, contributed to almost 28.5% of the total hand injuries. When compared to injuries due to power tools, injuries resulting from a powered machine were most commonly not due to equipment malfunction, but most likely due to human error. In South Africa, the Department of Labour has stipulated that it is mandatory for all employers to provide and maintain a working environment that is safe and without risk to the health of the employees; this includes providing appropriate safety equipment. 19 In our study only 60% of the workers were provided with some form of protective equipment by their employers. This figure includes any form of protection such as headgear, eye protection, protective clothing or boots. Strangely, even though more than half of the workers were offered protective equipment, very rarely did it include protective gloves. Only 28.6% of all the injured workers were using protective gloves at the time of injury. In previous studies it has been shown that wearing no or ill-fitting gloves is associated with an increased risk of an occupational hand injury; the use of protective gloves may also decrease the risk of injury. 16, 20 However, glove use has been shown to protect against lacerations and puncture wounds but not against fractures, avulsions, amputations and dislocations. 21 This may be why the use of protective gloves in our population did not seem to affect the injury severity.
Injury characteristics
Although the overwhelming majority of patients in this study were right-hand dominant, there was a fairly equal distribution between right-and left-hand injuries. No patients sustained injuries to both hands. These results are in keeping with results of similar studies from around the world. 4, 11, 13, 16, 18 For more than 90% of the patients this was their first work-related hand injury in the past year.
Occupational hand injuries can result in significant time off work and often lead to a forced change in occupation or permanent disability. Trybus et al. found that approximately 10% of patients never returned to their original occupation, either due to permanent disability or due to a change in occupation. 4 In the same study they also found that 58.5% of all hand injuries had residual functional impairment despite adequate rehabilitation. Ahmed showed that 19% of injured hands had a significant loss of function despite adequate rehabilitation. 22 Lacerations, crush injuries and fractures were the most common types of injuries documented. Most patients had a combination of a laceration and a fracture resulting in an open fracture, which may lead to increased risk of infection as well as complications in wound healing. These injury patterns are in keeping with the most common source of injury (power tool, powered machine) which result in a relatively high energy injury. The crush injuries that were documented were predominantly of the distal phalanx resulting in a nail bed injury or associated fracture.
Injury severity
There was a fairly equal distribution between the different categories of injury severity using the HISS system. Similar studies have reported vastly different distributions of the HISS score; this is predominantly due to where their subjects were recruited from. The hospital where this study was done accepts both walk-ins and referrals from level 1 and level 2 referral centres; it also has a dedicated hand unit with a 24-hour re-implantation team on standby. Therefore, it acts as both a primary care and tertiary/quaternary institute. The mean HISS score and the overall range were higher than reported in the original study by Campbell and Kay despite a very similar study population in terms of overall patient number, age, sex and handedness. This may be due to other variables such as the nature of the work carried out at the time of injury or the source of injury. 6 The average HISS score was higher for males than females. Although not statistically significant, this is in keeping with the fact that males were more likely to be employed as manual labourers or work with an angle grinder. The average HISS scores for patients wearing or not wearing any protective gloves was the same (50 vs 49). Therefore, wearing of protective gloves did not seem to affect the severity of injury incurred. But this does not take into account what the severity of the injury may have been had the patient not been wearing gloves at the time of injury.
There seems to be no consensus in the literature as to whether work experience alone may put someone at risk for an occupational hand injury. In our study, there was no significant difference in the mechanism of injury or the injury severity between those patients with more work experience versus those who had less. This implies that work experience alone may not play such an important role in the incidence or the aetiology of occupational hand injuries. The majority of patients in this study were young, however, which may have had an influence on the amount of work experience achieved in this population. Work experience may provide workers with knowledge of potential hazards as well as familiarity with the machine or tool which they are required to use. However, the cumulative risk of injury may also increase the longer a worker is exposed to a specific hazard, and it is also possible that familiarity with a task may result in potentially increased risk of injury. 16, 20, 23 Just over 50% of the injured workers in this study had permanent employment, with a signed contract. The rest were either selfemployed, contract workers or worked 'piece jobs'. According to the COIDA if an employee is injured as a result of an accident, resulting in a disablement or death, the employee or the dependants of the employee shall be entitled to the benefits prescribed in the Act. This may include the cost of medical aid at a private health care facility and subsequent financial compensation. Often permanent employees and contract workers are not registered in terms of the COIDA or struggle to claim compensation following injury, or they are unaware that they are entitled to private health care. These patients then end up at state hospitals which shifts costs to workers and overburdens an already busy health care system. It also promotes an underreporting of occupational injuries by employers and medical practitioners.
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Conclusion
The typical patient who presents to a state hospital in South Africa with an acute traumatic occupational hand injury is a young male, who is poorly educated, with a low income and multiple dependants. This patient is poorly trained for the type of work he is required to do and he is often not provided with protective gloves. These patients typically injure their index, middle and ring fingers using either a power tool, powered machine or by handling building material.
The injuries sustained are most commonly lacerations, fractures and crush injuries, but may also include tendon and nerve injuries as well as amputations.
As a result of the high rate of occupational-related hand injuries in this South African population, occupational health and safety must be improved to reduce the socio-economic burden of these injuries. Novel ways of improving safety in the the informal labour market such as compulsory training, provision of safety equipment and regulation of tools and machines is required.
A larger, multi-centre study is recommended for a more demographic representation of occupational hand injuries.
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